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FLEXIBLE PIPETTE STRIP AND METHOD OF ITS USE 



This invention relates to a system for manual and 
automated substance handling. 
5 Single and multi -channel handling systems are widely 

used in drug discovery, medicine, biotechnology and 
chemistry. Both disposable and non-disposable pipettes are 
used, and these may be hand-held, mounted on a robot or 
integrated into a machine. Many such systems use pipettes. 

10 Examples of pipetting systems using disposable pipette 

tips include hand-held single or multiple pipettors such as 
those manufactured by Eppendorf (Hamburg, Germany) and 
Gilson (Paris, France) and robot-mounted multiple pipettors 
such as those manufactured by Beckman Coulter Inc, 

15 (Fullerton, California, USA) . Disposable pipettes give the 
advantage that they eliminate cross -contamination from 
sample to sample and can also protect the user from the 
danger of coming into contact with infectious or hazardous 
substances. Whether in manual use or machine, systems 

20 using disposable pipettes have to dispose of used tips and 
pick up new ones. With manual systems, a user may put 
individual tips onto the pipette by hand, but commonly 
fresh pipettes are picked up from a rack of tips. 
Pipettors are commonly used to load samples into microtitre 

25 plates and the tip rack is chosen to match the pitch and 
layout of standard plates. Thus, tips may be arrayed in 
racks of 96 or 384 to match 96 -well or 3 84 -well plates. 

With a manual pipettor, the user has to move the 
pipettor to a tip rack to pick up pipette tips. When the 

30 pipette has been used, the operator then ejects the tip, 
usually into a waste container. This process has several 
disadvantages. The operator is required to make additional 
hand movements over and above the necessary operation of 
pipetting a sample from one container to another, thus 

35 increasing fatigue and reducing throughput . The number of 
tips the user can access at any one time is limited by the 
number of racks that can be placed within arms reach. For 
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very small volume devices, it is difficult for the user to 
align the pipettor with the new tip. As a result, 
pipettors for volumes of 2 microlitres or less are 
typically single channel devices. 

Robotic liquid handling systems using disposable 
pipette tips have similar drawbacks. The speed of the 
cartesian robot or other automated device is limited by the 
need to accelerate, move and stop heavy mechanical systems 
from tip rack to sample and then to waste. The number of 
liquid handling steps that can be performed in a single 
batch is limited by the number of tip racks that can be 
placed within reach of the robot. The precisional accuracy 
required to align sub-microlitre pipette tips has precluded 
the use of such devices in large arrays. Another 
disadvantage is the cost of the racks used to support the 
tips. 

An alternative approach is the use of non-disposable 
devices, singly or in arrays. Examples of single hand-held 
devices are the precision syringes for low volume liquid 
handling manufactured by Hamilton and SGE. The barrel is 
typically made of glass and the syringe is made of metal, 
sometimes with a plastic or elastomeric piston seal. Being 
precision devices made of expensive materials these 
syringes are too expensive to be disposable. Several 
manufacturers, most notably Robbins Scientific (Sunnyvale, 
California, USA) and Tomtec (Hamden, Connecticut, USA) 
manufacture liquid handling systems with 96 or 384 such 
syringes in a common array. Non-disposable liquid handling 
devices have the benefit that it is not necessary to pick 
up and dispose of tips, however this advantage is to a 
large part negated by the need to wash the syringes between 
additions to avoid cross -contamination between samples. 
The need to perform this wash step means that liquid 
handling systems that use non-disposable syringes have 
throughputs that are generally comparable to systems using 
disposable tips, and can be slower if several washes are 
required. The choice between disposable tips and re-usable 
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syringes is usually made on economic grounds or on the 
absolute requirement to eliminate cross -contamination. Re- 
usable syringes are perceived to be cheaper to run than 
disposable tips. Current disposable tips are expensive 
because of the need to provide these in a rack. When 
considering the true running cost of systems using non- 
disposable syringes it is important to take account of the 
cost of buying and disposing of the washing solvent and the 
cost of frequently replacing the syringe seals. In some 
cases, particularly in DNA amplification, it is necessary 
to guarantee zero cross -contamination even to the single 
molecule level. This can never be guaranteed with any 
system that relies on washing between transfers. 

A common drawback with all currently existing multi- 
channel parallel pipetting systems is that each pipette 
cannot be individually addressed. Thus it is not possible 
when using, for example, a 96-pipettor array to add a 
reagent to all 96 wells of a microplate and then to add a 
second reagent to a chosen sub- set of the 96 wells with the 
same pipettor array. Even if the pistons in a 96 syringe 
array could be driven independently, it would still be 
necessary to immerse all 96 needles in the plate from which 
a sample was being transferred, thus leading to the 
possibility of wastage or carry-over. 

The present invention provides a liquid handling 
system in which the pipettes may be disposable or re-usable 
and where the requirement to pick tips from a rack is 
eliminated. Furthermore, the present invention offers a 
means of high-speed sample transfer in a system that has 
full addressability for the pipette array. The system is 
compatible with low cost disposable devices. 

According to the invention there is provided a strip 
of sampling devices comprising: 

a strip of flexible material 

an array of sampling devices joined to the strip to 
form a bandolier. 
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The flexible strip may have sprocket holes to drive 
and align the sampling devices. The devices may be of a 
positive displacement type having a barrel and piston, or 
may be of an air displacement type having a barrel 
5 (typically a cylindrical capillary or conical plastic tip) 
open at both ends or may be a sampling pin. It may be 
arranged so that all of the devices are held in the same 
plane and a hinged region is provided at each device to 
allow single or multiple devices to be hinged away from the 
10 general plane of the strip and thus be made available 
selectively. 

The strip may be constructed of any suitable single or 
combination of materials such as plastic, paper or metal. 
The sampling device may be constructed of any suitable 
5 15 single or combination of materials such as plastics 
i0 material, elastomer, metal, glass or ceramic. 

Alternatively, the sampling device and strip may be of 
unitary construction in a single material (preferably 
L plastics material) . 

fiy 20 According to the present invention, there is also 

provided a method of substance sampling and dispensing, the 

in 

fi method comprising the steps of: 

fU feeding a strip, on which sampling devices are 

mounted, from a supply reel to an aspirate/dispense head; 
25 positioning one or more of the sampling devices ready 

for sampling; 

taking a sample; 
dispensing the sample; and 

feeding the used sampling device to a waste container. 
30 The method may be performed with two or more 

aspirate/dispense heads at one time. 

Plural aspirate/dispense heads may be used in sequence 
so that multiple aspirations and multiple dispenses may be 
supported . 

35 According to the present invention, there is further 

provided a substance sampling and dispensing system 
comprising: 
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an aspirate/dispense head; 

a supply reel for feeding to the aspirate/dispense 
head a continuous strip on which one or more sampling 
devices are mounted; and 

positioning means for positioning the one or more 
sampling devices ready for sampling individually or in 
parallel . 

The system may comprise a reel or stuffing box to 
accept used sampling devices. 

The system may comprise further aspirate/dispense 
heads for receiving the strip prior to dispensing a sample. 

The invention has particular benefits. A prior art 
pipetting apparatus will typically pick a pipette tip from 
a rack of tips, perform an aspiration at one location and 
dispense liquid to another before ejecting the tip to take 
a fresh one. The tips are located in different positions 
in a rack, typically 96 at a time. The robot has to be 
programmed for each tip position and the tips must be 
accurately positioned. This is difficult and problems can 
be experienced in tip pick and drop. The number of tips 
that can be accessed by the robot is limited to the number 
which can be accommodated in the area within the robots 
reach. The speed of pipetting is limited by the distance 
that the robot has to travel, the need for positional 
accuracy and the need to accelerate and stop a heavy robot. 

The method and apparatus of the present invention 
solves these problems. The sampling apparatus can be fed 
continuously with fresh sampling devices from a remote 
reel. A fresh sampling device is fed automatically to an 
aspirate/ dispense head and is positioned to take a sample. 
The sampling device strip is always in contact with the 
robotic system, eliminating alignment problems. The need to 
travel to a tip rack position is eliminated, as is the 
capacity limitation dictated by the apparatus operating 
envelope. As the sampling device strip has very low mass 
it can be accelerated, moved and stopped much faster than 
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a robot leaving the aspirate and dispense heads having only 
to travel short distances . 

Furthermore, the method of the invention may be 
applied across many actuators (aspiration and dispense) 
with the sampling device strip running between them. After 
the first aspiration, the full sampling device then leaves 
the aspirate head and travels to a dispense head where an 
aliquot of the sample is dispensed. The sampling device 
may then continue on to further dispense heads to dispense 
further aliquots, and then on to a waste reel. This 
process enables one-to-many and many-to-one reformatting at 
high speed. 

This system provides the benefits listed above when 
operating the method of the invention. The system has the 
ability to select an array of any number of sampling 
devices from 1 to the maximum number of sampling devices 
the head can address which allows for the process of 
"cherry picking 1 * Conventional multi-channel liquid 
handling systems present the whole array of sampling 
devices at once into the sample. It is therefore not 
possible with, for example a 384 -way syringe array (of the 
Tomtec or Robbins Scientific type) to pick a single 
compound from a 384 -well plate. This process is important 
in follow-up for drug discovery. The present invention 
allows for a single sampling device or any number of 
sampling devices to be "selected 1 by moving it through 90 
degrees from the plane of the strip, thus allowing 
individual samples to be taken. 

One example of the present invention will now be 
described with reference to the accompanying drawings, in 
which : 

Figure _l^shows an array of sampling devices joined to 

a backing strip; 

Figure 2 is a perspective view of a number of sampling 
devices selectably addressed for use; 

Figure 3 is a diagrammatic view of a two-head liquid 
handling system according to the invention; and 
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Figure 4 is a perspective view of the two-head liquid 
handling system of figure 3. 

Referring to figure 1, an array of sampling devices 1 
(in this case positive displacement pipettes) is joined to 
a backing strip 2 at a defined pitch (in this case 4.5 mm 
to match 384 and 153 6 -well plates) . Sprocket holes 5 are 
provided to drive the tape. A hinge region 3 is 
incorporated into the backing strip 2 to allow each pipette 
1 to be folded through ninety degrees to the plane of the 
backing strip. Figure 2 illustrates the benefit of this 
hinge region and motion. The strip is held flat above a 
target microplate. By rotating the pipette tips through 
ninety degrees about the hinge region 3 only the selected 
tips can access wells in the plate, and furthermore the 
rear of each pipette 6 is made more accessible to an 
actuator . 

As shown in Figure 3, an actuator 14 can grip the back 
of the pistons 6 to operate the positive displacement 
pipette l. Or, if the pipettes are of the air displacement 
type, an array of nozzles 11 may be brought down to mate 
with the rear of the pipettes 1. 

In this example, any number of pipettes 1 may be 
selected for operation. The pipettor heads 7,8 may be 
continuously supplied with pipettes 1 from a reel 12 some 
distance from the pipettor. A single pipettor head 7 may 
be used for both aspiration and dispense. In this case the 
invention gives the advantages of an essentially unlimited 
supply of pipette tips and the elimination of the need to 
travel to a location to pick or discard tips. Further 
benefits are obtained by using multiple pipettor heads 7,8. 
Figures 3 and 4 show two heads being used. A first head 7 
selects pipettes and aspirates a liquid from wells in a 
microplate 9 into those pipettes. The filled pipettes 13 
then travel on to the second head 8, which again selects 
the pipettes and then delivers part or all of their 
contents to a continuous tape of wells 10. This may 
alternatively be a microplate. In this way, the heavy 
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mechanical components are only required to move up and 
down. The low mass pipettes travel at speed between the 
heads . 

A sampling device tape with a continuous series of 
sampling devices on a 4.5-mm pitch can be used to access 
one row of 16 wells of a 384 -well plate at once. By 
selecting alternate sampling devices, the same tape could 
access 8 wells of a 96 -well plate (9mm pitch) and so on. 
This ability to temporarily orientate individual components 
is not a feature found in other systems using bandoliered 
components such as resistors, capacitors and bullets. 
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9 

CliAIMS 

1. A method of substance sampling and dispensing, the 
method comprising the steps of : 

5 feeding a strip, on which sampling devices are 

mounted, from a supply reel to an aspirate/dispense head; 

positioning one or more of the sampling devices ready 
for sampling; 

taking a sample; 
10 dispensing the sample; and 

feeding the used sampling device to a waste container. 

2. A method according to claim 1, performed two or more 
aspirate/dispense heads such that sampling devices aspirate 

15 samples at one head and then travel to a subsequent head to 
perform further aspiration or dispensing. 

3. An array of sampling devices comprising: 
a strip of flexible material 

20 an array of sampling devices joined to the strip to 

form a bandolier. 

4. An array according to claim 3, wherein a hinge region 
is incorporated in the strip to allow some or all of the 

25 sampling devices to be folded away from the plane of the 
strip or other sampling devices or the strip. 

5. An array according to any of the preceding claims 3 or 
4, wherein sprocket holes are incorporated in the strip to 

30 facilitate drive and indexing of the strip. 

6. An array according to any of claims 3 to 5, wherein 
the body of each sampling device is used as a gear track to 
facilitate drive and indexing of the strip. 
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7 . An array according to any of claims 3 to 6 wherein the 
sampling devices are positive displacement pipettes. 

8 . An array according to any of claims 3 to 6 , wherein 
the sampling devices are air displacement pipette tips. 

9. An array according to any of claims 3 to 6, wherein 
the sampling devices are capillaries. 

10. An array according to any of claims 3 to 6, wherein 
the sampling devices are sampling pins. 

11. A substance sampling and dispensing system comprising; 
an aspirate/dispense head; 

an array according to any of claims 3 to 10; and 
positioning means for positioning the one or more 

sampling devices ready for sampling individually or in 

parallel . 

12 » A system according to claim 11, further comprising an 
actuator to fold, in use sampling devices away from the 
plane of the strip or other sampling devices on the strip. 

13. A system according to claim 11 or 12, further 
comprising an actuator for selecting, in use one or more 
sampling devices at will from the array. 

14. A system according to any of claims 11 to 13, further 
comprising at least one more actuator to aspirate or 
dispense samples from the same sampling devices* 

15- A system according to any of claims 11 to 14, wherein 
the strip of sampling devices is fed from a reel or fan- 
fold box. 
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16. A device according to any of claims 11 to 15, wherein 
the strip of used sampling devices are fed to a waste 
container or reel. 
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I hereby tUrther deriarc thai $01 statement* made herein of my own knowledge are true and 
hnt all statement* made cm information and belief are believed to be true; and farther, that these 
tatcmcnt* were made with the knowledge that willful false statement* «n4 the like 90 made are 
Mnuhabje by fine or imprisonment, or bofih, under Section 1001 of Title 18 of the United States 
:pde f awl that such wiflfaj false statements may jeopardise the validity of the application or any 
totem tattled thereon. 



